

























studies   have   been   carried   out   to   understand   and   explain   the 
ground effect on wings, either on up­lift or downforce producing 
wings.   Barber   et   al   [3]   presented   a   review   on   different 
experimental   and   numerical   studies   and   pointed   out   the 
importance   of   the   effect   of   the   boundary   conditions   on   the 










the   formation   of   the   tip   vortex,   induced   by   the   pressure 
difference   between   the   surfaces.   Therefore,   the   presence   of 
endplates increases the downforce acting on the wing. However, 
the difference of pressure produces two co­rotating vortices  to 
form   at   the   top   and   bottom   sides   of   the   endplate.   Flow 
visualisation   experiments   suggested   that   the   behaviour   of   the 
vortices depends on the size of the endplate used and indicated 
that the length of the endplate seems to affect the shape of the 
vortices  while   the  width   seems   to   influence   the   path   of   the 
vortices downstream. Indeed, the use of endplates having a width 












The   paper   is   organized   as   follows.   First,   the   experimental 
facilities   proceedings   are   described.   Then,   the   experimental 
results are presented. A brief discussion follows about the flow 
visualisation   made   using   smoke   and   then   the   LDA 
measurements. The results will focus on the velocity field and the 
comparison between two different height of the wing from the 
ground.   Finally,   the   turbulent   character   of   the  wake   and   the 
frequency analysis will be presented.
Apparatus and Instrumentation


























at   the   entrance   of   the  wind   tunnel   so   the   potential   coherent 





























Subsequently,   further   measurements   centred   on   the   vortex 
location were made on the same planes but using a finer grid, 
with a 2mm spacing. The data acquisition was set such that 2000 






















The  next   figure   is   a  comparison  of   the  velocity   field  directly 
behind the wing between the heights 0.5c and 0.1c. It indicates 
that the lower vortex is much weaker in the second case. Indeed, 
the   closeness   of   the   ground   alters   the   development   of   the 
recirculation. As the lower vortex develops in the case with the 















Figure   5   indicates   the   variation   of   the   dimensionless   angular 
velocity   in   the   horizontal   and   vertical   direction   of   the   lower 
vortex.
Besides confirming the fact that the shape of the vortex is not 
symmetric,   it   also  suggests   that   it   is  not  homogeneous  as   the 















the  centre  of   a  vortex   is  determined   from  the  vector   field  of 
velocity, which is not always an accurate method.
Figure   6.   Evolution   of   the   x   component   velocity   at   the   core   of   the 
vortices.
The turbulence measurements






vortex.   This   observation   suggests   that   the   core   of   the   lower 





common   wind   tunnel   effect,   and   studied   among   others   by 
Devenport et al [4]. Even though the wandering is present, the 
high RMS values in the radial direction might demonstrate that 
the   energy   transfer   is   going   from   the   core   vortices   to   the 
freestream.  
Even if the core of the upper vortex is not easily detectable with 




wake  (figure 8).  This   illustrates   that   the position of   the  lower 
vortex   is   not   affected   by   the   upper   one.   Instead   of   spinning 
around each other as co­rotating vortices of same strength usually 
do, the upper vortex is simply “swallowed” by the stronger one. 
The   upper   vortex   is   travelling   half   the   circumference   of   the 
stronger one before disappearing.
It is impossible to determine the exact distance from the wing of 
the  merging   vortices   as   the   shapes   are   not   clear   during   the 
process and the interaction occurs along a distance of two chords.  
The turbulence intensity is very important at the core of the lower 
vortex  for   the  first  planes  behind  the wing as   it   reaches  50% 
while the remaining of the wake is around 30%. 

















at   4c,   in   the   flow   direction   and   in   the   vertical   direction.  By 
comparing   the   slopes,   this   suggested   that   the   energy   transfer 
mostly   occurs   in   the   radial   direction   as   the   slope   is   more 
pronounced. This supports the suggestion made earlier that the 
turbulence   spreads   out   from   the   core   of   the   vortices   to   the 
freestream.   Note   that   the   second   slope   of   ­2.9   on   the   x 













The   frequency   analysis   demonstrates   that   the   likely   energy 
transfer  occurs  from the core  vortices   to   the freestream. Even 
though the closeness of the ground does not seem to have any 
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